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A labcratcry method evolved over a period of years is described for the
determination of the heat and gases of detonation of up to 120 gramme charges of
high explosives.

The report is divided into ',hree parts:-

(1) The calorimetry of high explosives

() The examination of the products of detonation

(3) The evaluation of the heat and gases of detonation per gramme
of charge.
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RESTRICTED

PQT I. THE C JRIRETRY OF HIGH EMLOSIVS

Introduction

Part I of this report describes the equipment and procedure which. has
been de-eloped in this Esiablishment over a period of years for the
inzuremnent of the hont evolved when r ch,rgo of high explosive is detonated in a
clused vessel. Other closed vessel work carried out in the Section comprises
the monsurement of hots of ccmbustion and determination of the crlorimotric
vlues rf prupollnnts, the lrtter technique having been developed to P high
order 3f accurocy.

The closed vessel or bumb used for the calorimetry of high explosives is
cf such size and strength as to permit charges of up to 120 gn. in weight being
detunnted in it. This entails the use of a vessel, which, together with its
ruxiliary apparatus of calorimeter, wnter-jackot etc. is much larger ond
heovier than the cirresponding 6cmbustiun or propellant equipment. The time
occupied in corrying out .calorimetric measurement is also much longer. For
example, the bomb itself weighs about 5- cwt. and temper-tiro readings are
continued in the course of n single experiment for 7 to 8 hours.

The equipment is housed in a reinforced concrete structure -nd firing is
c.ried out electrically by remote control. If - vessel fr.ctures on firing
srmo dnmagc to the equipment is unavoid ,blo, but the production of dangerous
missiles from the bomb casing is not a likely contingency. The closing lids
uf the cclcrimetor cnd water jacket will be ejected violently rnd the wrter,
mixcd with srct, will be thrown out. .s the products of dctonrtion contain
toxic gnses, especially carbon monoxide, good ventilation hrs to be provided to
ensure their rapid disperstl

The Clcsed Vessel

1. Material

The earliest type of bomb, first used in 1921 was made from a nickel-
chrome steel of the fcllcwing composition:-

Carbon 0.69 per cent

Nickel 2.97

Chrrmium 2.31

Manganese 0.09

Sulphur 0.10

Phosphcrus 0.029

ibout 150 charges were fired in it, many of them of 120 to IN groms, weight.
,.t the end of its life its sides had bulged but not fractured and its inner
surfoce hcad become ba.dly scored with the loss of 1500 c.c. of steol. Such
good serviceability is no doubt largely due to the hect trc-tment of the
stool.

Systematic work on the cd lorirae try of high explosives then l psed for r

number of yers, to be resumed in 1942. , n cttempt 'ws fr.dc to copy the
original vessel, but unfortunately dQtnils of its hcl,t tru.-tment wore no
longer evniloblo. ii Vibrar, steel wr.s adopted mcde by the English Steel

Corporation to specificntion B. S.S. En. 26-v.1 12 (tror ted condition T. 2).



Vessels of this material, however, fractured after a few firings with the
largest charges, the cause being traced to the difficulty in obtaining a
homogeneous heat treatment of forgings of the shape and size of the vessel.
More recently, several vessels have been satisfcctorily he't treated c.nd
these have proved capable of taking charges of 120 to 130 grams.

The bomb is shown in dimensicnal detail in Fig. 1. It has c. pl.in
cylindrical body 24 in. high and 12 in. in diameter, with a -wall thickness of
2I10

2. The Method of Sealing Fig. I Parts 4 tc 8

It is of crurse essential that all joints in the bcmb should be at lerst
as strcng as the material itself in withstanding withjut leakage the intense
detonation pressure. The ethcd of obturatirn to be described is the product
of mich practical experience.

On the inner surface of the head of the bomb is a circular groove which
corresponds with a prcjecticn of hemispherical cross section on the top of the
body. The groove is initially filled with solder. When the head of the
vessel is tightened against the body, the solder spreads and is partially
extruded cut of the groove. This forms an initial se-.l to the vessel and
enables it to be evacuated of air and filled with an inert gas (nitrogen or
argon) as required.

The main seal comes into opernticn when the charge is fired. It
consists of a steel baffle plate frum which the charge is suspended, a knife
ring and lead washers. When the charge is detonated the pressure of the
gaseous products is transmitted by the baffle plate to the knife ring which
is designed to force the lead intL any gaps formed at the joint and so ensure
that the gases are retained It is found convenient to make the lead wnsher
in two parts; the knife ring and lower washer can then be used for at least
tw, firings and unly the upper one need be removed and replaced each time.
The knife ring is of good quality steel and the lead washers are turned from
rolled load sheets made from Broken Hill lead alloyed with 0.3 per cent of tin.

3, The Baffle Plate Fig. I Parts 6, 7 & 8

This is a flat plate of steel made up of a central disc nnd two
concentric rings screwed together. The confining vessel containing the
explosive charge with its booster and detonator is suspended from the disc by
moans of twi steel rcds j in. diameter and 6 in. long bolted to the disc.
The detonator leads also pass through the disc. The inner ring is of such v
diameter that, after a firing with a new knife ring, it can be removed in one
piece with the disc, leaving the Luter ring, knife ring and lower lead washer
undisturbed for further use.

4. The Electrode Fig. I Parts 9 tr 17

The design of this ccmponent is ccmmcn to all the equipment used in the
alcrimetric Section. The unit is complete in itself and is seled into the

head of the bLmb by means cf a copper washer. It consists of r stem of mild

steel insulated from the bcdy by means of an ebonite tube and kept in
position by two tufnol washers. The inner end of the stem is cnl,rged in
diameter, with a gap between it and the body which is filled with a fire-
proof cement. In practice, providing the free surface of the cement is
repaired when occasion arises, the electrode should last for the lifo-time of
the vessel without replacement.

2.



5. The Outlet Valvo Fig.1 Parts 18 to 22

This valve is of a modified 'cone' type. It is to be noted thrt the
scting is countersunk conically and that the cone fits loosely into the
spindle, thus being free to adjust its line of centre to that of the sorting.
The coea is made of mild steel so that such permanent distortion rs tukes
place is divided unequally between the hard sorting rnd the softer cone, the
latter being the easier to replace.

6. The Crnfining Vessel Fig.1 Part 10 Fig.3

The confining vessel which houses the explosive charge is made from mild
steel tubing. The detonator is held in position by r steel holder and
projects to the brse Lf the exploder pellet as indicated. The charge is
either in the form of pre-pressed pellets or is hast direct3y iito the vessel.

B. The Auxiliary Calorimetric Equipment

1. The Calcrimet ., Fig.2 Part I

The calorimeter was rriginally made of copper reinforced with steol
bands. It was found, howcvor, that the shock waves trnnsmitted through the
vessel caused distortion and finally fracture of the br nda. The present
design is in form of a steel tube of 1 in. wnll thickness with % I in. thick
base welded on. Three steel strengthening bonds 6 in. wide vnd in. thick
are welded round the middle of the outer wzll of the crlorimetcr.

During an experiment the calorimeter contains the closed vessel nnd
26,000 cos. cf water and is closed by mocns cf a copper lid. On firing, the
water .s thrown into a state of violent turbulence, and it is therefore
impcrtant that the lid should be sufficiently tight-fitting to prevent any
appreciable quantity of water being ejected into the spnce betyeen the vessel
and its wnter jacket.

A method of stirring by continuous flow is employed, by which the water
is raised by the rftation of propeller blades in nn external housing rnd shot
tangentially into the trp of the cylinder in which the closed vessel is"
placed. The speed cf rotatirn : f the blades is 500 r,vs./in.

2. The Water Jarket Fig. 2 Qart 27

The oalcrimeter stands inside a water jacket or tank on a heat-insulating
platform made of ebonite with four short legs cf the same material. There is an

air gap abrut two inches wide between the inner wall of the jacket and the

outer wall of the calorimeter. A simple prcpeller-type stirrer rGtnting at

100 revs./min. is employed to maintain the water in the jacket in circulation.

The jacket is lagged on the cutside with thick felt in order to

insulate it as frr as possible from the losses of heat to the atmosphere. In

practice, however, the cffects of the room tempernture on that of the tank are

found to be appreciable owing to the length of time needed to complete a trial.

In order to compensate for them, a 100-watt lamp connected to - rheostat is

partinlly submerged in the tank as well as a water-cooled coil, By means of

these it is possible to maintain a steady temperature in th tank throughout
the experiment to within t 0.0500.

The wrter jacket has a well-fitting light wooden lid with supports to

which the thermometers used tc measure the tempurrture risc in the

calorimeter can be clamped.

3.



3. The Thermometers

Mercury-in-glass thermometers are used to record the temperature changes
in the calorimeter. They are nitrogen-filled and are graduated in hundredths
uf a degree C. in the range 12 to 24 degrees. By means of a magnifying
eyepiece they can be read to 1/1000 th. of a degree. The probable error of
calibration is not more than + 2/1000 ths. of a degree. The rise in
temperature in the calorimeter being usually about 2 degrees. This order of
precision of the thermometers is in e!ezs of the.ovtrall am3irapy of
the experiment which cannot be considered to be better than one per cent.

C. Details of the Experimental Procedure

1. Assembly of the Confining Vessel Fig.3

The charge is loaded into the confining vessel in cast cr pelletted form
acccrding tc the nature of the explosive under test, followed by the exploder.
The latter is in twr parts (a) a pressed pellet 4" long, which rests on the
main charge, followed by (b) a pellet " long perforated tc accommodr.te the
detontor, usually No.8 A.S.A. electric in an aluminium sheath.

As a confining vessel of standard length is employed, any empty spc.ce
below the main charge is filled up with a steel plug, -nd the end cap screocd
on. The detonator, in its holder, is slid into position and hold in pl.ce by
the top screwed cap, through which the detonator leads -re pcssed. Th- two
supporting rods are then assembled and their free ends secured to the centre
disc of the baffle plate with nuts. The leads are threaded through the hole
provided for the purpose.

2. Assembly of the Closed Vessel and Calorimeter System

The bomb is strapped to the walls of the laboratory with steel hoops and
the head of the vessel, its circular groove having been previously filled with
solder, is suspended by means of block and tackle over the open end. The two
outer rings of the baffle plate, the knife ring and the lead sealing washers
are assembled and the centre disc with confining vessel attached is screwed
into position and the detonator leads connected to the terminals, on the
inside of the head. When the head has been slowly lowered into position, the
twelve studs are tightened down in pairs diagonally across the bomb so that the
head is evenly stressed. The tightening is repeated after an intcrvPl of
2 to 3 hours, and again after leaving the bomb overnight.

The tank temperature is first adjusted to 20.50C -nd the room to 20.80 C.
The closed vessel is evacuated to n pressure of not more than 2 mn. of mercury
ard charged with mitrogen to a pressure of between 50 and 100 mm. above
atmospheric; the pressure is carefully measured. The excess pressure is a
precaution against water being drawn into the vessel in case it is not
absolutely gas-tight. When the bomb has been lowered into the cclorimutcr
and the firing leads connected up a volume of 26 litres of cold wator is
introduced from graduated vessels. The stirrer is run for about 20 mins.
After 20 litres have been added, the remaining 6 litres are then used to adjust
the initial temperature to the desired value. This is so chosen that the final
temperature in the calorimeter is at least j0C and not more than 30C above the
steady tank temperature. Under these conditions a rising temperature in the
calorimeter is ensured throughout, thus reducing errors due to stiction in the
thermometers. The reasons for the choice of the temperatures of tank,
calorimeter and room are discussed in the next paragraph. Tfhen the
temperatures have been adjusted the covers are placed in position and the
apparatus is allowed to stand for atlenst three-qurters Df an hour.

4.4



3. Temperatures of Tank Calorimeter and Room

In selecting the initial calorimeter temperature and the -teady
temperatures of the tank and room it is necessary to consider the mode of heat
transfer in the system as a whole.

Figure 4 gives a typical time-temperature curve for the calorimeter
during an experiment. AB and M represent the steady temperature rises
before and after firing, whilst BGC covers the heating period, after firing,
when the hent of detonation is being transmitted through the walls of the
closed vessel to the calorimeter ,nd contents.

During steady tempernture rises in nn ideal system, the difference in
tempernture between the tank and calorimeter, should alone control the rate of
rise in the calorimetcr, heat being transferred across the air grp botwecn
them, by conduution and radiation and to a minor extent by convection.
Figure 5 line I indicates the relationship which should exist between these
factors of temperature rise.

In the apparatus, being described in this report, the ideal system is
not attained. The main imperfections being that:-

(a) The air gap between the tank and calorimeter is at least 4 ams.
instead of 1 cm. as recommended for standard equipment. It is
unfortunate that this gap cannot be reduced but provision has to
be made in the design, -for the movement of the calorimeter on
firing due to the effects of the detonation .nd for the re-
inforcing bands which project from the w,lls of tho calorimoter.

The effect of the wider air gap,, is to increase the proportion
of heat transferred by convection. The prttern of these free
convection currents are affected tt the top of the system, by the
room temperature. The main effect of room temperature could be
removed, of course, by insulating and hermeticlly sealing the
lid into the tank. In event of a 'blpwout' at the valve or
electrode, with the resulting increase in pressure, such a closed
system would be ruined, whilst as it is designed at present the
light wooden lids to the tank vould be blown off without serious
damage to the rest of the tank equipment,

(b) The tomporcture measurements of the water in the tank r.nd
calorimeter do not indicate accurately the true temperature of
their outside walls at an7 given time. This is due pirtly to
the difficulty in obtaining a stirring systm canpable of
removing all temperature gradients in an r.pparatus of the size
under consideration and rlso to the thickness of the walls of
the calorimeter.

(c) Thermal leakages into the system occur; e.g. between btse of
calorimeter and tank.

(d) Heat is generated by the stirring.

Some of the effects of poor stirring cn be nullified by placing the
thermometers in the same position and at the same depth for all experiments
including those from which the water equivalents of the system are
determined. However, the romaining imperfections are such that a plot of
the rate of rise in the calorimeter against the difference in temperature
between tank and calorimeter as shown in Figure 5 line 2, is entirely
different from that expected from an ideal system.

5.



The method of computation of net temperature rise discussed later in
Section D applies providing a linear law of heating is applicable. It will
be seen in Figure 5 that this is only the case over the range of tank-
calorimeter temperatures -0.75 to + 2.750C and in consequence the initial
temperatures of tank and calorimeter have to be chosen so that throughout the
experiment the measurements are covered by this range of temperatures.

Fig,5 also indinates that the proportion of the rate of rise in the
calorimeter due to onuses independent of the tank and calorimeter temperatures,
is large in comparison with that due to the influence of the t,nk temperature.
The magnitude of this effect is indicated by the rate of rise in the system at
zero Tank - calorimeter temperature. However providing this effect cr.n be
kept constant throfghout the experiment it will not affect the computation of
the net temperature rise. (See Prt 1 Section D).

This is done by standardisation of all fnctors on wrhich the riso in
temperature in the calorimeter abpend, i.e. rnte of stirring, position of
closed vessel in the calorimeter and calorimeter in tank and the temperatures
of various parts of the system.

Therefore the tank temperature is always fixed at 20.50C, and the
initial temperature of the calorimeter is chosen so that the final steady rise
in the calorimeter will take plaoo between temperatures 210 and 21.250C.
Under these conditiona the rise of temperature in the calorimeter will be very
slow during the after firing period, but this will be an advantrge in
determining the time when the final steady period comnences.

The room temperature is kept .s constant as possible nt 20.8 which
corresponds to the mean tempera ture of the air gap during the long final
steady rise in the calorimeter.

4 Temerature Redips

Readings are taken on two thermometers. These are first placed in
iced water for a few minutes to bring them to a standard state and then
clamped in position in the oa1rim eter to a standard degree of immersion for
reasons stated in Section Cf.3. Readings of the pro-firing temperature range
are made on each instrument alternately at half-'ainute intervals f6r about
45 minutes, the thermometers being tapped before reading. They nre then
removed from the room and the' charge is fired by remote control.

The thermometers are then chilled again and replaced at the temperature
at which they were removed. Readings are started again immediately and
continued at half-minute intejvala on each thermometer for about an hour
after which they are reduced to once every five minutes to the end of the
experiment, usually for 4 or 5 hours. The temper.tures of the wator jacket
and room ore read every 5 minutes throughout the oxperinent,the water jacket
being maintained at its initial temperature by fc,-.ns of heating lamp or
water cooled coil.

D. Computation of the-Ne jempeture Rise

Figure 4 shows a typical temperature-tLae curve for an H.E. firing.
ABGOD represents the temperature of the clorimeter during a determination,
the charge being fired at time t2# Over Very small ranges of tempernture
difference such as occur between the calorimeter, the tank rnd the
surrounding air, a linear law of heating represents the effects
appropriately, as indicated in C.(3) above. The amount of z-adiant heat
that is added to the system in time 8t may be taken as K(e 5 - e) 8t, where e
is the variable temperature of the system and 85 is a steady temperature
defined by the temperature of the tank Ind of the surrounding air. To
this must be added a term A bt where A is the uniform r.te at vhich heat is
generated by the stirring, or other similnr causes.
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The quantity of heat which passes intc the system from outside between

times tj and t5 is thus given by the expression

K J t (05 - 9) at
tj

where e passes alcng the line ABGCD, that is to say, it is proportionnl to
the rxen ABGCDNHA.

In practice ,1B and CD ore straight lines, and the determinction of
their slope is an imprrtnnt feature if the measurements. 7hen the curve h.s
been plotted a line FE is chosen such thnt the areas BEG nnd C7FC re equrl.
The amcunt of hent passing into the system from outside is thus proportional
tr the sum of the areas ALE and FLVD. The portion of the total tempernture
rise which is duo to heat genernted within the closed vessel is necessarily
independent of the exact times tj and t 5 at which the measurements are begun
and finished. Points L and D may therefore be moved tr any positicns on the
lines LBE and DCF without altering the v.lue 7,f the ccmputed rise. When
they ore thus moved to the positions E and F the radiaticn effects (areas
11WE and FIND) become zero. EF is theref.)re the computed rise.

The rate at which heat is generated by stirring etc. is kept steady
through-ut an experiment and its effects on the measured temperature rise
may be expressed as 4 (t" - t') whore t' nd t" are the times corrospcnding
to the initial nnd final temperatures respectively. In the process
discussed in the preceding paragraph t' = t" = t3, so th-t ,,(t" - t') is
zero; by this process, therefore, the effect of const,.nt henting is
auton,tically eliminated.

E. Determination of the Water Equivnlont

In tlq course of closed vessel work with propellrnts the wrter
equivnlenta of special vessels of stninless steel, which are used with
systems much smaller than the HE equipment, ore standardised by the
combustion of standard samples of benzcic acid (supplied by the U.S. Burenu
of Stcndnrds) and sclicylic acid nnd using the accepted heats of combustion
of these nterials. The calorimetric values of carefully prepared s,mplos

cf propellants are then determined in terms of these water equivalents. The

stcndordised propellnnts are then used in the calibration of new equipment, and

Trnblo I below gives the results of three recent wter equivalent detcrminntions
cf an HE assembly obtnined in this way.

Table I

1 2 3 4 5 6 7 8

1.eight of Theoretical Correction Correction Total Theoreticnl Measured 77cter
Charge heat at for initial for aH and Correct- heat rise Equiv.

957 cnl/gm. air in NH3 ,formed ions corrected
vessel nnd
igniter

Gm. C'l. Cal. Y.l. Cal. Ccl. OC. Gm.

140 133980 12285 363 12648 146630 1.996 73460

140 133980 12285 363 12648 146630 1.996 73460
289 276573 12160 290 12450 289025 3.952 73140

7.



The exact agreament between the first two experiments is of course
fortutituous, but it is estimated that the accuracy of the resulth
does not exceed 0.5 per cont.

Experience shows that, apart from any delibernte alterations in the
thermal c pcity of the system, the water equivnlent changes little ns the
result f repeated firings. Some loss of steel from the internal wnlls of
the bomb due to scoring and erosion is incvitable, but this cnn be allowed
for, if appreciable, when the c.pacity of the bomb is mensured. It is
considered to be n vaise precaution, however, to carry out a chock test of
the water\equivrlent Ofter, say, 50 firings.

8.



PART II. TH EX MNi.TION OF THE PRODUCTS OF M TONATION

Introduction

Part II of this report describes the procedure rfter the cnlorimctry
has been completed. It deals with the measurement of the volume of the
gaseous products and the collection of samples for analysis, and gives a
general outline of the methods of analysis employed.

A.. Measurement of Gas Volume and Collection and SZmling of Products

The volume of Ffas at N.T.P. produced by the detonation of a high
explosive is usully of the order of I litro per gram. Suitr.ble mensuring
vessels are provided by two calibreted porcelain ctrboys of 110 litrcs
cnpacity. They are well protected from drrughts and maintnined at a f'irly
steady temperature.

To measure the gas volume the bomb is removed from the calorimeter nnd
connected to the crboys and a mercury manometer via the two-way tnp of a gas
sampler. In addition three bottles of measured capacity (nbov,t I litre each)
are connected to side arms to enable gas samples to be taken from the carboys
at the end of the experiment; these re used for the volumetric analysis of
the bye-products vmmonia, hydrocyanic acid and cyanogen. The crrboys and
bottles are evacuated to a mensured pressure of about 2 nm. Hg and the gas
sampler is filled with mercury. ith the connections to the srapler and
bottles closed, gns from the bomb is allowed to flow into the carboys at such
a rate that the pressure rises to half its final value of about 50 cm. Hg. in
one minute. When the pressure in the carboys has risen to 25 CM. of Hg. the
flow of gas is diverted into the sampler, in which approximately 250 ml, is
collected. By the nid of rercury. reservoir attached to the sampler the final
pressure in it is built up to a pressure of 100 oms. of Hg. This prevets
nay leak into the sampler. it the end of the experiment the r.ctual volume
of gas at N.T.P. ccllected in this way is measured. The rest of the gas is
then allowed to flow into the carboys, and pressures and temperatures are
read until steady values are obtained.

From this data, the total volume of gaseous products,corrected to
N.T.P. can be cnlculated as distributed between the bomb, the carboys and the
sampler. The bottle sr-nplos are taken by closing the valve on the bomb and

allowing gas to flow into them from the carboys, pressure and temperature
being noted. Each bottle contains about 1 litre of gas at a pressure of
approximately 50 cm. Hg.

After the gas has been withdrawn as desuribed above, the closed vessel
has a negative pressure. This enables 250 ml4 of water to be drawn in
through the valve. The head nnd baffles are then removed and deposits of

soot etc. are washed into the bomb. The wlls are also thoroughly washed
down and all water and solid particles are sucked out rnd large fragments
removed by hand. Recognisable remains of the confining vessel are rinsed,
dried and inspected as a criterion of a satisfrctory order of detonation.

The residue of soot, steel particles etc. is filtered from the wash-water,
dried and added to the vessel frngments. It is convenient to store the
solid residue in two portions which pass and do not pass a 30-mesh sieve
respectively, in ease the finer particles are required for analysis.

This method of gas sampling and volume determination has to be
modified if a grnvimetric determination of the water of detonation is
required. (See Section D2).
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B. Analysis of the Gaseous Products

The analysis of the gaseous products of detonation is carried out by
methods evolved by Dr. H.R. Ambler,formerly of this Establishment. They will
be found in detail in "Technical Gas Ahalyis" by Lunge and Ambler, published
by Gurney and Jackson. The analysis is done in two stages

(a) for methane and nitrogen by partial combustion methods,

(b) for acid gases (principally carbon dioxide, but including any
hydrogen cyanide and cyanogen), crbon monoxide and hydrogen
by absorption and combustion methods.

1. Methane and nitrogen

A measured quantity of gas of about 40 ml. is expanded under reduced
pressure and slowly passed through a furnace tube at 2950C., packed with
asbestos impregnated with copper oxide and backed with soda-lime and calcium
chloride. This operation effe3ts the oxidation and/or absorption of all
gases with the exception of methane and nitrogen. The volume of these
residual gases is measured and they are then transferred to another appnri.tus
and combusted with air by menns of a hot wire maintained nt bright yellow
heat. From the resulting contraction due to methne burning to carbon
dioxide and water the percentages of methane nnd nitrogen in the original
somple are determined.

2. Acid gases, carbon monoxide and hydrocen

These gases arc determined on a further sample of about 15 ml. The
acid gases are absorbed in potassium hydroxide and the carbon monoxide i
nmmoniacal cuprous chloride. The bulk of the hydrogen is removed by
sparking with excess of air and the remainder by burning with a hot wire at
bright yellow heat. The methane will nlo burn with the hydrogen and it is
therefore necessary to remove and measure the resulting carbon dioxide after
combustion. From the various gravimetric and volumetric measurements the
peroentaes of the constituent gases can be calculated. The residue is
taken to be nitrogen.

Since the true volume of the nitrogen in the gases is of importunce in
the treatment of the final results, especially if there is C possibility of
metallic nitrides being formed in appreciable qu.ntity, it is desirable to
check the value arrived at by difference as described above. The sum of the
percentages of methane and nitrogen from stnve (1) and of ncid gases, Crrbon
monoxide and hydrogen from stage (2) should total 100.0, and in practice this
figure does not normally vary by more than 0.2. If n wider difference is
found the analysis is repeated.

C. Volumetric Analysis

i. Ammonia, hydrogen cyanide a.nd cyanogen in gaseous phaso

(a) Ammonie is estim.ted by absorbing the gas in one of the bottles
referred to above in 25 ml. of sta.ndardised, approximately 0. 1 N
sulphuric acid and titrating with approximately 0.1 N caustic
potash solution, using bromophenol blue as indicator. The caustic
potash solution is previously stand-rdised against the acid.

10.



(b) Hydrogen cyanide and cynn.gen are estimated in combinntion by
absorbing the gas in the second bottle in 0.1 N caustic potash -%nd
titrating with st,-.ndr-rdised 0.01 N silver nitrate. The indic.tor
used is r solution of potassium iodide.

(a) In the third bottle hydrogen cyanide alone is nbsorbed in 25 ml. Lf
0.01 N silver nitrnte solution previously acidified with n little
dilute nitric acid. This is brnck titrcted rgainst r.pproximrtcly
0.01 N ammonium thiocynnnte, previously stnnd-rdised, usin '.s
indicator a solution of ferric alum. As r check on the
volumetric result, the precipitate of silver cyranide ri,y be
filtered, dried and weighed.

2. Products in solution

The volume of the wash-wnter from the bomb, usually amounting to
between 800 nnd 1000 ml., is measured. It may contain ammonium
bicarbonate, ammonium cynnide -nd hydrogen cyanide.

Total ammonin present cnn be determined in two ways, (1) by titrating
25 ml. portions of the solution with standard 0.1 N sulphuric noid or (2) by
distilling 100 ml. portions of the solution with caustic soda solution,
collecting the rmmonia gas evolved in stnndard 0.1 N sulphuric acid and back
titrnting against caustic potash of known strength. Total hydrogen cyanide
plus cyanogen is estimated by adding 25 ml. of the solution to 25 ml. of 0.1 N
caustic potash solution P.nd titrating with silver nitrtte as in (1) (b) above.
Simil rcly total hydrogen cyanide is estimated cas in (1) (c) .n7 totc. cyr.nof-un
found by difference.

The amnonin determined in solution is tnken as bein7. present c.s
cimonium bicarbonnte.

D. The Water Content of the Final Products

1. Theoretical estimation

When the products have been analysed, the amount of oxygen thus
accounted for is compared vith that known to have been present in the chxgc
and booster before firing. fith chrges consisting of orthodox non-
metalised explosives the hydrogen and oxygen content of the final gnseous
and solid products is invariably in default of that introduced originally.
Owing to the reducing nature of the final gases it is assumed thnt the
"missing" oxygen can only have formej.watr, the quantity of which is
estimated accordingly. The "missing" hydrogen can also be tnken ns hnvin
formed wnter and affords . further method of its estimation. Therefore n
menn of both values is taken.

2. quantitative Estimation of Water

The water present in the final products is of course, condensed in the
closed vessel. In order to measure it quantitatively, a weighed glass
spiral immersed in a freezing mixture and backed by tubes containing
phosphorus pentoxide, is inserted between the bomb and the sampler during
the collection and mensurenent of the gases as outlined in Prrt II ppr.. 4.
The increase in the weight of the spiral and backing tubes during, the
experiment is t.ken to be due to water and ammonia from the vessel. The
lattor is estimated and corrected for. By heating the closed vessel duri,
the 6 ollection of the ;anter considerable time ccan be scved. This cr.n best
be dno by immersing the closed vessel in hot wzter, in the cc.lorimeter.

11.



It will be appreciated that direct determination of water is a somewhat
laborious operation. The theoretical estimation of its equivalent to the
"missing" oxygen and hydrogen has the merit of simplicity, and expericnce
shows that the result is genernlly sufficiently accurate. The weakness in
the method undoubtedly is Oue to the fact that some of the ga ses will
undoubtedly be absorbed by the soot and steel dust cooling from high
temperature iiA the closed vessel. 1ny serious errors in the estimation
are however olea2'ly shown by the degree of "heat balance" obtained at the
end of the computation of the results.

12.



PART III MCULLTION OF RESULTS

Introduction

Parts I and II of this report have outlined the experimental procedure

to estimate the total heat and the products evolved on the detonation of a

charge of hjo explosive in the closed vessel. In Part III the methods of

interpreting these date and expressing them per gram f the main charge are

illustrated by reference to results from four firings of common explosives.

These are tetryl, picric acid, R.D.IX./T.N.T. ,50/50 and T.N.T. They were

detonated in steel confining vessels of 1/4" wall thickness. For tetryl

end picric acid the exploder pellets were made of the same explosive as the

main charge and pressed to the same density. With R.D.X./T.N.T. and T.N.T.

however, the exploder pellets were of a very low density. Satisfactory

detonations were confirmed by examination of the steel fragments of the

confining vessel. The detonators used to initiate the exploders were

Commercial No. 8A.S.A. The sheaths of these contain 0.88 grins, of aluminium

and c.s only a small proportion of the sheath projected into the exploder

pellets, the rest being encased by the detonator holder half the sheath is

assumed to be oxidised to L1203, the rest remaining as aluminitun.

The effects of the small amount of styphnnte and azide are neglected,

the explosive content of the detonator being taken as 0.5 grma cf tytryl.

A. The Lnalytical Result Sheet

The analytical result sheet (Tables 3, 5, 7, 9, appended) sets out in

successive columns (a) the percentages of gases measured, (b) these

percentages adjusted arbitrarily to total 100.00 and (c) the volumes of the

individual gases contributing to the total measured volume at N.T.P. The

column headed "Total Gaseous Products" gives the volumes both in litres

corrected for minor products and those found in solution. Thus, "pnses sol.

in KOH" are corrected for H0, C2N2 and NH4HCO3 ond the result is expressed as

carbon dioxide; carbon monoxide is adjusted for ammnia in the Fnses as the

latter will have been absorbed with the CO in the gns onalysis opparntus;

ammonia is the total NH4 radical in bicarbonate, cyanide, etc.

In the centre portion of the table the amounts of carbon, hydrogen,

nitrDgen and oxygen determined in the analysed products are subtracted from

the ultimate molar composition of the original system which has been inserted.

at the foot of the tble. The resulting untraced oxygen is first reduced by

the amount required to combine with 0.44 g. of aluminium of form Z1203 end the

remainder is assumed to have formed water; likewise, the untrced hydrogen is

assigned to water as explained in Part II. The carbon difference is taken to

represent the amount of solid carbon (amorphous) which separntes out in the

reaction.

Is a check on the overall experimental accuracy, the theoretical heat

balance, calculatcd from the heats of formation of the reactants rnQ products,

is finally entered in the table and compared with the measured hant. The

agreement is not exact, but the discrepancy should not normally exceed 2 per

cent.

B. Calculation of the Heat and Gses of Detonation

1. Proliminary adjustmonts

Before being abld to express the heat and gases in terms "per gm. of

explosive" certain adjustments have to be made to the measured figures

(These are set out in tables 4, 6, 8, 9 and 10) (a) for the initial

atmosphere of nitrogen and for the minor products which ere formed during

the later stages of detonation and are affected by the conditions of firing

13.
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i.e., surface reacticns on the steel walls of the closed vessel and (b) for

the contribution made by the detcnatcr itself. The exploder pellets are

classed as part of the main charge and in- consequence no corrections for them

are applied. Whilst it is realised that the mcde of detcnation of the low

density pellets will be different from the main charge, the magnitude of such

differences will be small, when the results are expressed "per gram of charge"
as the ratio of main charge to exploder is usually greater than six to one.

2. Minor Products

(a) A small correction is applied to the measured heat for the
formation of ammonium compounds (in this case bicarbonate)
from their constituent gases.

(b) The small amounts of methane and ammonia are reckoned as
carbon, hydrogen and nitrogen and the products adjusted to

be methane-free and cxanonia-free and allowance made for
their heats of formation. Jhile it is possible that these

two by-products are the result of secondary reactions
involving some of the other gaseous products, it is

unlikely that the tru. correction would differ from that

based on the simple assumption of decomposition into their
elements to such an extent as to affect the final result

appreciably.

3. The detonator

As previously stated this is assumed to contain 0.5 grins, of tetryl.

The heat and gases from this explosive are taken to be proportional by weight

to those of the charges of tetryl illustrated in Tables 2 and 3.

0.44 grins of the aluminium detonator sheath are assumed to react with

the wr.ter formed from the charge, aluminium oxide being produced, viz:

2 Al + 3H20 - A1203 + 3H2 + 3597 cnls/grm Al ns A1203

The total heat and gases are adjusted accordingly for these effects of

the detonator. The standard correction applied is given in full in Table 2.

4. Final evaluation of the results

In Tables 3, 5, 7 and 9 these corrections are applied in stages to the
measured heat'and gases, and t&e result reduced to unit weight of charge in
order to facilitate comparison between different explosives. These results

refer to standard temperature and pressure, water liquid. At 1000C and
upwards, however, they are considerably modified when water is presOnt in

appreciable quantities and it is usual to express the results in an

alternative form, i.e. water gaseous, by increasing the gases by the

volume of the water vapour and diminishing the heat by the heat of
vopoArisation of the water.
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TABLE 2

Effect of Detonator Case and Contents on
the Heat and Gases of a main chr.rge.

C02 CO H2  N2  H20 Total Total Remwrks

Gas Heat

W.L. W.L. -

nlS mls mls mls mls MIS cals 'Abstracted from Table 4 i e.
Heat nnd Grses from I grm

119 297 86 187 130 99 689 1154 of Tetryl

60 148 43 93 65 49 344 577 Heat and gases from 0.50
grms Tetryl

Effoct on Products of
548 -548 548 1583 0.44 gms a1uminium in

Dotonntor ct-sc 1.120

60 148 591 93 65 -499 892 2160 Totnl effect of detonator
rnd contents (tetryl)



ANALYTIC4L RESULT SHEET

Charge: 47.5 grms Tetryl (Density 1.50) Detonated in I" steel
Exploder: 16.7 gins Tetryl (Density 1.50) wall confinement
Detonator- No.8 A& containing 0.50 grms Tetryl

Adjusted Total G,-seous Products
Analysis % Volumes (inc. those in solution)

Composition mis. mis.

G.S Sol in KOH 13.29 13.30 7200 002 7200-35+530 7695
CO 35.51 35.53 19240 CO 19240 19240
H2 8.19 8.19 4435 H2 4435 4435
CH4  0.73 0.73 395 04 395 395
N2 42.23 42.25 22875 N2 22875 22875
NH 35 35 NH 35+530 565
H 35 HC 35 35
C2N2  C2N2

TOTZL 99.95 100.00 54180 55240

SOLUTION im. Bicarb 530 = Total
G;as

im. Cyanide Volume

C2N2

C H2 N 02 Calculated heat Cnlsmls. is* (+s)H

7695 4435 22875 7695 002
19240 790 285 9620 4. 21 65x7695 32446

395 850 15 CO
35 15 1, 1982xl 9240 23053

27365 6090 23175 17315 C048143x395

35335 12615 23705 20185
__NH 

3

7970 6525 530 2870 O.4911x565 277
a§ H O to HCN
of 5192 1L-1203274 -1-3705x35 48

- C2N2
Mean 5858 2596 Am. Bicarb.
YMls H20 =5192mls. O.9991x530 550

H20 Yin. Cyanide

..... . H 20

Ultimate Composition iJ.s. 3,0522x5858 17880

M.RGE C H2 N2  02 1 -203
7389x0.44 3251

47.5 gmis) 64.7 gins ,1203
16.7 " ) Tetryl 35333 1 12617 201
0.50 ")--'

C Diamond
23707 to morphous 622

-C0 0781x7970

,Aluminium Detonator Sheath 'N2 in vessel H.F. Tetryl 1672
0. 88 gns. iJ of which Initially • 25.85x647
0.44 gims. a203 670 79431

Balance 78761

cf Measured 77,300 cnls
Hea+
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TABL 5

i1ALYTICAL RESULT SHEET

"harge: 80 grms Picric Acid (Density 1.70)
3xploder: 19 grms Picric Acid (Density 1.50) Detonated in " steel
)etonator: No.8 iS containing 0.50 grins Tetryl wall confinement

Adjusted
Analysis % volumes Totel Gaseous Products

Composition mls (inc. those in solution)

mls
G.ZS Sol in KOH 23.59 23557 16795 CC2 16795+655 17450Cc 33.63 33.60 23940 CO 23940 23940

H2  7.11 7.10 • 5060 H2 5060 5060
CH4  0.31 0.31 220 C 220 220
N 35.45 35.42 25235 N 25235 25235

25 mls 25 R 25+655 680
HC4 NIL

C2N2  C2N2 NIL

100.09 100.00 71275 72585

SOLUTION im Bicarb 655 mls = Total
i1m. Cyanide NIL Gas
C2N2  NIL Volume

C H2  N 02 Calcult ted Heat Cals
mIs ms mis (-) (+)

17450 5060 25235 17450 C02 4. 2165xl7450 73578
23940 440 340 11970 CO

220 1020 1.1 982x23940 28685
41610 6520 25575 29420 CH4

14620 26710 54035 0.8143x220 179
167-35 8100 1135 4615 NH3

= Missing as H 0 to O.4911x680 334
Carbon of 9682 i1203274 HCN

as soot C1N2
Mean 434 m. Bicb
H20 8391 I 8682 ml, o.9991x655 654

of H20 ' m. Cya.nide

HO0
H0522x8391 25611

Al120~
0. a4x73 89 3251

Ultimte Composition mls .103

CMIRGE C H2 N2  02 AIN
IC Diamond

80 gins) Picri& Domn
19 gins) 99 gms Acid 58073 14523 14523 3387E 1morphous

1 0.0781x1 6735 1307
0.50 gins Tetryl 273 98 98 156H.F, Picric Acid

- - 215.07x99 21291
TOTiL 58346 14621 14621 40- H.F. Tetryl

-- 208 -25.85x.50 13

26710 22598 132305
Balance 109707

4luminium Detonator Sheath Measured Heat 109700
= 0.88 gins of which 0.44 gins A1 2 03 cf

x N2 in vessel Initially
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L-BLE 7

.tMLYTIC, 1  RESULT SHEET

Main Charge: 97.81 gms*T.N.T. (density 1.58)
Exploder: 16.7 gms T.N.T. (density 1.35) Detonv.ted in " steel

Detonator: No. 8 i .S.L. containing 0.50 gms Tetryl wall confinement

i.djusted
in.lysis % Volumes Totnl Gnseous Products

lomposition mls (inc. those in solution)

mls

GiS Sol in KOH 15.78 15.81 12,130 CO2 12130+1110-70 13170

35.49 35.56 27,280 CO 27280 27280

H 12.11 12.13 9,305 H2 9305 9305
04 1.06 815 CH4 815 815

N2  3538 35.44 27,190 N2 27190 27190

NH3 45 45 NH3 45+1110 1155
HCN 70 HCN 70 70

C2N2 C2N2

99.82 1004.00 76,765 76965

SOLUTION 11m. Biccrb 1110 = Totp.l
Li.. Cyanide Gns
u2N2  Volume

a H2 N2  02 Calculated Heat Cnls

mls mls mls mls () (+)

13170 9305 27190 13170 CC2

27280 1650 580 13640 4.2165x13170 55531

815 1735 35 cc
70 35 1.1982x27280 32687

41335 12705 27 26-0 CH4 0.8143x-15 664

79320 28535 29045 34040 NH
37985 15630 1240 7230

as soot as H20 to 1.4911 x1 15 567

.120274 HCN

of 13912 -I 37-'5x70 96

134771 6956 C2N2
Mn171 13912 ..a. Bic,rbMean H20 mls. H20 ". 9991x111 1109

H20

.0522x14771 4

Ultimate Composition mls A 9.1 20 .

CLREC HN07309x'0. 44 3251
LRGE C 112 N2  02 L1203

97.81 gins TN.T. 67518 24130 14466 28942 0 Dimond
16.70 gins T.N.T. 11528 4118 2470 4942 amorphous

0.50 gms Tetryl 273 98 8 156 0 0781x37985 2967

79319 2337 17034 34040 H.F.T.N.T.
-12012 66.15x114.51 7604

H.F. Tetryl
-25. 85x). 5 ___ 13

"liuminium Detonator Sheath 
135'7 13

= 0.88 gins Li of which B nince 12039

2.44 gins L1203 f Initial Nitrogen of measured 127,27C

heat
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TOLE 9

AMLYTICL RESULT SHEET

ain Charge: 99 gins R.D.X./T.N.T. 50.15/49'85(density 1.68) Detonated in 1" steel
ploder: 16.7 grins RDX/TNT 50/50 (density 1.40) wall confinement
etonator: No.8 L.S.L. cbntaining 0.50 gms Tetryl

Adjusted
Analysis % Volumes Tot.l Grseous Products

Composition mls. (inc. those in solution)

mils.
4Sol in KOH 14.39 14.39 12080 C02 12080-75+1465 13470

0O 28.94 28.94 24290 CO 24290 24290
H 11.68 11.68 9805 H2 9805 9805
4 0.66 0.66 '555 CHL 555 555
N4-.35 44.33 37210 N2 37210 37210
2 55 55 NH 55+1465 1520
HC1 85 Ha 85 85
C2N2  C2 N2

TOTAL 100.00 100.00 83995 86935

OLUTION Am. Bicarb 1465 Total

Am. Cyanide Gas
02N2  Volume

02N2

0 H2  N2  02 Calculated Heat Cals
msmls mis mls W- +

13470 9805 37210 13470 02
24290 1110 760 12145 4.2165xl3470 56796

555 228'1 45 CO
4.5 1 .982x24290 29104

38400 13240 38015 25615 014
5788 3 87 0.8143x555 452

9+ lNH 3
is soot as H20 to 0.4911 x 1520 746

cf 17772 A1203 274 HCN
1.3705x85 116Mean 88 C2N2

H20 18157 mls 772 Am. Bicarb
ml s. H20 0.9991x14 65 1.464

Am. Cyanide
H20
3.0522x1 8157 55419

Ultimate Composition mls 7A8x0.44 3251

MGE C H2 N2  02 A1203

58.00 gms RDX 17545 17545 17545 17545 Din

"57.70 gins TNT 39830 14229 8534 17074 morphous
0.50 Tetryl 273 98 98 156 -0.0781x9248 1503

57648 31872 26177. 34775 H.F.R.D.

12529 -38.02x58.0 5105
38706 H.F. T.N.T.

68.15X57.70 3932
Aluminium Detonator Sheath H.F. Tetryl
0.88 gms Al of which -25.85x0. 50 13

0-4 msL103Initial Nitrogen551 5-500.44+ gins 2.203 551152350

Balance 146799 cals
of Measured Heat 147540 cals
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TBLE 11

Heats of Formation

Mol. Heat of Heat of,

Subst,nce wt. Formation Fornmtion Source
grms. K cals/mol. Uals/mol.

Carbon (Diamond) 12. 0 0 0
Crbon (ilnorphous) 12. 0 -1•75 -0. 0781 Bichowsky

C02  44. 01 94.45 " 2165 and

Go 28.01 26.84 1 . 1902 Rossini

CH 16.03 18. 24 3. J143 Thermo-Chem.
H20 (liq.) '8. 02 60. 37 3. j522 of
H20 (gas) 18.02 57.0 2.50.24 Chem. Subs.

HCN (gas) 27.02 -30,7Q -1.3705 (the cprbon

C2 N2 (gas) 52.02 -71.0 -3.1696 r.morphous figure

Ni3 (gas) 17,03 110 0.4911 is -. mean of

NH4 HCO3 (NH3.H20. CO2) 79.05 22.38 0.9991 different forms
(gi ai.) (i)

Heat of Heat of Hect of

Explosive mol. Formulne combustion Formation Forin,-ti on

wt. K cal5/=61 K cnls/mol. c'rls/gm.

Tetryl 287 rHii0 N ~ 039.5 -7.42 -25.05
R.D.X. 222 C H NO6  500.0 -19.54 -U0. J2

T. N.T. 227 C7- 506N 016.6 +15.47 +6.15
Picric Lcid 229 C H 07 N 620.'0 +49. 25 215.07
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ASBESTOS PACKING

C-DCROOVE IN COVER F

SUMMARY OF PARTS. SUMMARY OF PARTS CONi
ITEM SHEET DESCRIPTION MATERIAL ITEM JS DESCRIPTION ............

10I EXPLOSION VESSEL BODY STEEL I13I II ELECTRODE WASHER, LARGE

2 10 EXPLOSION VESSEL COVER STEEL 14 II ELECTRODE WASHER, SMALL
3 10 STUD STEEL 1I II WASHER

4 IO WASHER LEAD 16 II PiN

5 IO KNIFE RING STEEL 17 II COLLAR

6 10 BAFFLE PLATE PLUG STEEL I8 II VALVE BODY

7 II INNER BAFFLE PLATE STEEL 19 U~ VALVE SPINDLE

8 II OUTER BAFFLE PLATE STEEL 20 II VALVE

9 II ELECTRODE BODY STEEL 21 I1I VALVE GLAND
IO II ELECTRODE STEM STEEL 22 UI VALVE NOZZLE

II II ELECTRODE INSULATING BUSH EBONITE 25 II CONFINING VESSEL.
12 .1 ELECTRODE NUT STEEL

FIG. I, H.E. BOMB CALORI METE

ASSEMBLY OF H.E. EX PLOSION VES



RESTRICTED

-FILLED WITH 'PURIMACHOS!(IRECLAY)

6 ISECTION A,BVC.

.LED WITH SOLDER BEFORE ASSEMBLY.

NUED. STANDARD PARTS REQUIRED PER. ASSEMBLY
MATERIAL LETTER DESCRIPTION LEGHMATERIAL

TUFNOL A I' O IA. b.S.F. EYE BOLT STEEL
TUFNOL B N.4 B.A. TERMINALS BRASS

COPPER C jDIA. B.S.. NUT STEEL
STEEL D DIA. WASHER STEEL
STEAE E PACKING ASBESTOS
STEE L

STEE L _

STIFE

STEEL

STEE L

STEEL

I SYSTEM.

EL (CLOSED) RESTRICTED



A

iL

M

PLAN WITH COVERS REMOVED.

SUMMARY OF PARTS. SUMMARY OF PARTS CONTINUED.

TEMN DESCRIPTION MTERIALI EM DESCRIPTION MAI

I TANK LID COPPER 7 COVER
2 ASSEM,BLY OF WATER JACKET B ASSEMBLY Of WATER STIRRER

3 BRACKET BRASS -9 ASSEMbLY OF EXPLOSION VESSEL.

4 1PULLEY BRASS EXPLOSION VESSEL STAND. CO
s ISLEEVE M. S. I 1 CALORIMETER ISTE

6 1TANK STAND TUFNOL

FIG. 2 H.E. BOMB CALOR
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9 2 8t

777

SECTION THROUGH A- M

STANDARD PARTS REQUIRED P ER. ASSEMRLY.

RIA L L.ETTER~ DESCRIPTION L.ENGTH MATERIAL r4l.OFF REMARKS
5St-94U-LDEREIIDA PANPOTOs,A -DIA. &S.F SOCKET SCE ~ STEEL IDALI PRI

B I' THICK FELT JACKET EL I 391"X 6e

L

A4ETER SYSTEM.
'XSTRICTED
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HOLES TO TAKE
.B,, KEY TO REMOV

NOTCH TO AID

REMOVAL OF RINGS

8; DIA.

6 DIA.
22 DIA.

BAFFLE PLATE- -

PLUG (STEEL:)1

I-EOUTER bAFFLE
PLATE (STEEL)

INNER BAFFLE P_ATE.
(STEEL)

DETONATOR HOLDER
" (STEEL)

DETONATOR
EXPLODER PELLETS.

--- EXPLOSIVE CHARGE.

INFINNG VESSEL.

PLUG.
(STEEL)

FIG. 3 CONFINING VESSEL & BAFFLE PLATE ASSEMBLY FOR

H.E. VESSEL.
RESTRICTED
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Time.

FiGA4 COMPUTATION OF TEMPERATURE RISE FOR CALORIMETRtC

BOMB SYSTEMS.
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FIG 5- E.FFECT OF TANK TEMPERATURE

ON RISE IN TEMPERATURE

OF CALORIMETER.

o. 7

4

w/ ,

Line Ii ueyilutaie

0R

Io 2 3 4 5
Tank calorimeter temperaturc

(degrees cent)

Note Line 2 Is based on experimental result.
Line I Is purely Illustrative.
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The calorinetry of high explosives 662.2I
HoW.Sexton. April 1956

A laboratory method evolved over a period of years Is descri1bed
fthe detemuination otheat and gases of detonation of up to

I The report Is divided Into three parts:-
1. Tin calorimetry of high explosives
2. The ammination of the products of detonation
3# TO evaluation of the heat anW gages Of detonation Per grMn Of I
I The method Is Illustrated by resmlts frae the firings of tow
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A laboratory imethod evolved over a period of years Is described Ifrthe deterimination of the heat and gases of detonation of up to12D gram charges or high explosives.
I The report Is divided Into tbme pa&ts:-
1. The oalorimetry of high explosives
2. The exateination of the products or detonation
3. The evaluation of the heat and gases of detonation per grange
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W2l1512:I The calorlsetry of high e0plosives 66Q.2
H.W.Sexton. April 1956

A laboratory method evolved over a period of years Is described
for the determination of the beat and gases of detonation of up to
120 granme charges of high explosives.

The report Is divided Into three pars:-
1. Thie oalorimetry of high explosivesI 2. The exeamination of products of detonation
3. The evaluation of the heat and gases of detonation per gramen

or churge.
The method Is illusawated hy remilts from the firings of four

cmo explosivest I.e. Tetryl, Plerlc Acid, RDX/TNT 50/50 and TNTr.
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